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Abstract. —All larval stages and the first crab instar of Paradasygyius de-

pressus (Bell) were obtained in laboratory culture. Larval development consists

of two zoeal stages, followed by the megalopa. Each larval stage is described

in detail. Beginning with the first zoea, the duration of each stage was 4-7

(4.5 ± 0.7), 4—5 (4.5 ± 0.5), and 7 days, the megalopa and first crab instar

appearing 11 ± 1 and 15 days after hatching, respectively. A phylogenetic

analysis of 21 genera of Majidae is provided based on 34 zoeal and three

megalopal characters. The phylogenetic analysis resulted in four equally par-

simonious trees 173 steps long (CI = 0.66, RI = 0.71, and RC = 0.47) sup-

porting the monophyly of Oregoniinae, Majinae, and Inachinae (with the ex-

clusion of Macrocheira De Haan incertae sedis). Based on general agreement

of sister-group hypotheses, we provide sets of larval characters that define

Oregoniinae, Majinae, and Inachinae. Our phylogenetic hypothesis suggests

that Oregoniinae is the most basal clade within the Majidae, and Majinae and

the clade (Epialtus H. Milne Edwards + Inachinae [excluding Macrocheira

incertae sedis]) are sister taxa. Within Inachinae, all trees suggest that Inachus

Weber and Macropodia Leach are sister taxa nested as the most derived clade,

followed by Achaeus Leach, Pyromaia Stimpson, Paradasygyius Garth, Ana-

simus A. Milne-Edwards, and the most basal Stenorhynchus Lamarck. The
sister-group relationships of the clade {Pisa Leach (Taliepus A. Milne-Edwards

+ Libinia Leach)), Mithrax Latreille and Microphrys H. Milne Edwards re-

mained unresolved.

Paradasygyius depressus (Bell, 1835) is achnopsis, Stimpson, 1871, Pyromaia
an eastern Pacific majid crab known fi-om Stimpson, 1871, Anasimus A. Milne-Ed-

the Gulf of California to Colombia (Garth wards, 1880, Leurocyclus Rathbun, 1897,

1958). Members of this genus were consid- and Aepinus Rathbun, 1897 differ signifi-

ered to belong to the Inachinae (Rathbun cantly from the remaining Inachinae (Drach

1925), Inachidae sensu Guinot (1978). & Guinot 1982, Guinot & Richer de Forges

However, recent morphological evidence of 1997). Accordingly, Drach & Guinot
the skeleton from adults suggests that Par- (1983) resurrected the family Inachoididae

adasygyius Garth, 1958 and the nine other Dana, 1851 to include these genera which
American inachine genera Inachoides H. here are considered as Inachoidinae for

Milne Edwards & Lucas, 1842, Collodes placement within the still widely recog-

Stimpson, 1860, Euprognatha Stimpson, nized Majidae (e.g.. Griffin & Tranter 1986,

1871, Batrachonotus Stimpson, 1871, Ar- Ingle 1992, Melo 1996). Few larvae of in-
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achoidines are presently known. The aim of

the present paper is to describe the zoeal

stages and the megalopa of Paradasygyius

depressus, to compare them to those of oth-

er inachoidines and majids, and to provide

a phylogenetic hypothesis for 21 genera of

Majidae based on zoeal and megalopal

characters.

Materials and Methods

Larval development and description. —
Specimens of Paradasygyius depressus

were collected 2 July 1992 while trawling

at about 70 mdepth on the Pacific coast of

Costa Rica near Dominical, Puntarenas

(9°13'N, 83°48'W). Ovigerous specimens

were held in separate aquaria until hatching,

which always occurred at night. On 4 July

1992 a numbered series consisting of 50 of

the most active, positively phototactic lar-

vae were separated into acrylic jars (2 lar-

vae per jar). Each jar held about 40 ml of

filtered sea water with 0.2 mg/ml potassium

benzylpenicillin (Squib Brazil Inc.) to pre-

vent bacterial infection. Rearing of this se-

ries of larvae was discontinued 1 7 days af-

ter hatching. Larvae from different females

were also reared under mass culture con-

ditions to provide additional specimens for

analysis.

Newly hatched larvae were fed ad libi-

tum with Artemia nauplii. Sea water was

changed, and specimens were inspected and

fed daily. All acrylic ware was washed in

fresh water and air-dried before re-use with

fresh sea water the following day. Mean
daily water temperature in the tank was

28°C, within about 1°C of the natural en-

vironment fluctuation. Average salinity was

32%o. A 12L:12D photoperiod was main-

tained.

Whenever possible, a minimum of ten

specimens was measured and at least five

specimens of each stage were dissected for

morphological description. For slide prep-

arations polyvinyl lactophenol mounting

medium was used with CMC(Turtox) or

chlorazol black stain. Morphometric data

were obtained using a microscope-mounted

high resolution video camera to a computer

equipped with image analysis (OPTIMAS
vers. 5.2) and spreadsheet (Microsoft EX-
CEL 6.0) software. Measurements (±7 |jLm)

of zoeal stages include carapace length

measured in lateral view from the base of

the rostrum to the most posterior margin;

carapace width in frontal view at its widest

point; the dorsal spine in lateral view from

the posterior basal margin to the tip; anten-

na length in lateral view from the base of

the eye to the tip. For the megalopa, cara-

pace length and width were measured in

dorsal view, from the vestigial rostrum to

the posterior margin, and at its widest point,

respectively.

The description of setae follows Pohle &
Telford (1981), but here includes only anal-

ysis by light microscopy (LM), using an

Olympus BH-2 microscope with Nomarski

Differential Interference Contrast and cam-

era lucida. Some of the setae designated as

plumose herein may be plumodenticulate

setae due to the lower resolution limits of

LM as compared to scanning electron mi-

croscopy (SEM). Denticulettes sensu Pohle

& Telford (1981) are generally only visible

by SEMbut were recorded here when oc-

curring in dense clusters. Description

guidelines of Clark et al. (1998) were gen-

erally followed. We followed the conven-

tional taxonomic ranking of spider crabs as

a single family divided into a series of sub-

families (Rice 1983, Griffin & Tranter

1986, Negreiros-Fransozo & Fransozo

1991, Melo 1996). Specimens of larval

stages and a spent female crab have been

deposited at the National Museum of Nat-

ural History, Smithsonian Institution,

Washington, D.C. (USNM 259645,

291488). Slide preparations were banked at

the NEBECCDecapod Larval Collection,

Nucleo de Estudos em Biologia, Ecologia e

Cultivo de Crustaceos, Department of Zo-

ology —IB, Universidade Estadual Paulista,

Botucatu, Sao Paulo, Brazil, accession

numbers NEBECCDLC00003.1-23.

Phylogenetic analysis. —The data matrix
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from Marques & Pohle (1998) for 15 gen-

era of Majidae was implemented with ad-

ditional data from the larval descriptions of

Achaeus cranchii Leach, 1817 (cf. Paula

1987), Anasimus latus Rathbun, 1894 (cf.

Sandifer & Van Engel 1972), Macropodia

sp. (cf. Paula 1987), Pyromaia tuberculata

(Lockington, 1877) (cf. Fransozo & Ne-

greiros-Fransozo 1997), Stenorhynchus spp.

(cf. Yang 1976), and Epialtus brasiliensis

Dana, 1852 (cf. Negreiros-Fransozo &
Fransozo 1991) and E. bituberculatus H.

Milne Edwards, 1834 (cf. Negreiros-Fran-

sozo & Fransozo 2000). Modifications in

coding and character argumentation of new
characters follow.

An examination of infra- and interspecif-

ic variability of antennal morphology
among all taxa led to a simplified coding of

character states, reduced to four from the

original eight states used by Clark & Web-
ber (1991). Character 4, exopod morphol-

ogy of the antenna: The spinulose tip or

spine varies in length relative to a pair of

setae. State 0, terminal spine minute, less

than half length of smaller apical seta; state

1, terminal exopod spine half or more
length of apical setae but not extending be-

yond tip of setae; state 2, exopod tip ex-

tending beyond setae, latter inserted distally

to proximal half of shaft; state 3, exopod

tip extending much beyond setae, latter in-

serted on proximal half of shaft.

Six new characters were added to the

data matrix in an attempt to resolve sister-

group relationships within the Inachinae.

Character polarization was inferred with

reference to the states observed in Calli-

nectes spp. and Cancer spp. using the out-

group comparison method (Watrous &
Wheeler 1981, Maddison et al. 1984). The
following new characters were added to the

analysis of Marques & Pohle 1998 (see Ta-

ble 2):

(32) Posterolateral carapace margin of

zoeal stages ornamented with serrulations:

Within Inachinae sensu lato, Inachus, Ma-
cropodia, and Achaeus are serrulated on the

posterolateral margin of the carapace. In

other inachines, as well as oregoniines and

the outgroups, the posterolateral margin of

the carapace is smooth. According to the

outgroup comparison, serrulation on the

posterolateral margin of the carapace was

considered derived within Inachinae. Char-

acter states were coded as: 0, ornamentation

absent; 1, ornamentation present.

Character polarization: -> 1

(33) Distinct paired acicular (sensu Web-
ber & Wear 1981) curved processes on ab-

dominal somite of zoeal stages: Within In-

achinae sensu lato, Paradasygyius, Anasi-

mus, and Pyromaia possess a conspicuous

lateral pair of acicular cuved processes on

somite 2. In other inachines as well as or-

egoniines and the outgroups, the lateral pro-

cess on somite 2, although present, is non-

acicular. Thus, we considered the presence

of acicular processes as derived within In-

achinae. Character states were coded as: 0,

acicular process absent; 1, acicular process

present.

Character polarization: —> 1

(34) Separated sixth abdominal somite in

the second zoea: Within Inachinae sensu

lato, Inachus, Macropodia, and Achaeus do

not show a separated sixth abdominal so-

mite. In other inachines, as well as Orego-

niinae, the sixth abdominal somite is de-

fined. Unlike Majidae, the outgroups are

characterized by more than two zoeal stag-

es. In the latter, the sixth abdominal somite

appears in the third zoeal stage. Using Or-

egoniinae and Macrocheira as functional

outgroups, we considered the presence of a

separated sixth abdominal somite in the

second zoeal stage as derived within Ina-

chinae. Character states were coded as: 0,

sixth abdominal somite differentiated; 1,

sixth abdominal somite not differentiated.

Character polarization: —> 1

(35) Megalopa uropods: Pleopods may
be present or absent on abdominal somite

6. These uropods are present in the out-

groups, while being present or absent in dif-

ferent genera of the ingroup. The absence

of uropods was considered as the derived

state within the ingroup. Character states
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were coded as: 0, uropods present; 1, uro-

pods absent.

Character polarization: —> 1

(36) Megalopa antenna exopod process:

This lateral, sometimes spine-like process

on the basal segment may be present or ab-

sent. Within the outgroups. Cancer spp. and

Callinectes sapidus Rathbun, 1896 lack this

process, whereas it is present in Callinectes

similis Williams, 1966. According to the

Maddison et al. (1984) algorithm, the pres-

ence of the process is considered as the de-

rived state. Character states were coded as:

0, exopod process absent; 1, exopod pro-

cess present

Character polarization: —> 1

(37) Megalopa antennal flagellum: There

are a number of articles distal to the basal

peduncular segments. In the outgroups

there are eight articles, whereas in Majidae

the number of articles may range from 3-

5. Within the latter fusion of articles 2-3

and/or 4—5 occurred in different genera

(Rice 1988). This multistate transformation

series was left unordered as the character

state observed in the outgroups is not pres-

ent within the ingroup, and because there

are many character states within the in-

group. Character states were coded as: 0,

eight flagellar articles; 1, five flagellar ar-

ticles; 2, articles 4-5 fused; 3, articles 2-3

fused; 4, articles 2-3 and 4-5 fused.

Phylogenetic analysis was performed

with PAUP* (version 4.0b 1, Swofford

1998) using the heuristic search with 50

replicates and Tree-Bisection-Reconnection

(TBR) as the branch-swapping algorithm,

and ACCTRANoptimization. Multistate

transformation series were considered un-

ordered, characters were equally weighted,

and trees were rooted by specifying Cancer

and Callinectes as outgroups, as used by
Marques & Pohle (1998). A NEXUSfor-

mat PAUP* input file containing the data

matrix is provided in Appendix 1.

Results

Larval development and description. —
Larval development of Paradasygyius de-

pressus consists of two zoeal stages and one

megalopa. Figure 1 shows the rearing re-

cord for the three stages cultured at ambient

temperature (28°C). Beginning with zoea I,

the duration of each stage was 4-7 (4.5 ±
0.7), 4-5 (4.5 ± 0.5), and 7 days, the me-
galopa and first crab instar appearing 1 1 ±
1 and 15 days after hatching, respectively.

Larval morphometries are given in Table 1

.

Only morphological changes are described

for the stages following the first zoea.

Description

Paradasygyius depressus (Bell, 1835)

First zoea (Fig. 2)

Carapace (Fig. 2A). —With long, naked

dorsal spine; lacking rostral and lateral

spines. On ventral margin with densely plu-

mose "anterior seta" (Clark et al. 1998)

posterior to scaphognathite notch, followed

by 3 additional sparsely plumose setae.

Eyes sessile, with small papilla on pedun-

cle. Small but distinct median ridge fron-

tally between dorsal spine and eyes and a

median tubercle on posterodorsal margin.

Two pairs of simple or sparsely plumose

setae present, one flanking dorsal spine, an-

other longer pair just dorsal to median

ridge.

Antennule (Fig. 2C). —Unsegmented,

smooth, conical. Terminally bearing two

long aesthetascs, 1 shorter aesthetasc and

short seta.

Antenna (Fig. 2D). —Biramous, protopod

very long and pointed, bearing 2 rows of

sharp spinules, increasing in size distally;

endopod bud present; one-segmented exo-

pod with long spinulated distal process and

pair of serrulate setae about Vi from tip.

Mandible (Fig. 2E). —With medial

toothed molar process and enlarged lateral

incisor process bearing about 10 circularly

arranged marginal teeth. Palp absent.

Maxillule (Fig. 2F). —Coxal endite bear-

ing 7 setae, 3 terminal graded plumodenti-

culate and subterminally 3 plumodenticu-

late and 1 plumose. Basial endite with 3

terminal plumodenticulate cuspidate setae
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Fig. 1. Rearing record of larval stages of Paradasygyius depressus at ambient temperature (28 ± 1°C) and

salinity (32%o).

and 4 subterminal setae, 3 plumodenticulate

and 1 plumose. Two-segmented endopod

with naked proximal segment, distal seg-

ment bearing 2 pairs of plumodenticulate

setae apically. Exopod seta absent.

Maxilla (Fig. 2G). —Coxal endite bi-

lobed, each lobe with 4 setae, 3 plumose, 1

plumodenticulate. Basial endite bilobed,

proximal lobe with 5 plumodenticulate se-

tae, distal lobe bearing 4 plumodenticulate

setae. Unsegmented endopod distally slight-

ly bilobed, proximally with single and dis-

Table 1. —Dimensions (mm) of larval structures of Paradasygyius depressus (Bell, 1835).

Species Dorsal spine length Carapace length Carapace width Antenna length

Zoea 1

Zoea 2

Megalopa

0.67 ± 0.04

(0.57-0.76)

0.48 ± 0.06

(0.44-0.53)

0.26 ± 0.01

(0.25-0.27)

0.69 ± 0.04

(0.60-0.69)

0.83 ± 0.05

(0.79-0.88)

1.14 ± 0.01

(1.14-1.15)

0.53 ± 0.04

(0.49-0.60)

0.67 ± 0.04

(0.64-0.70)

0.99 ± 0.00

(0.99-0.99)

0.60 ± 0.04

(0.50-0.68)

0.63 ± 0.04

(0.59-0.67)

0.88 ± 0.04

(0.83-0.91)

Note: Values are given as the mean ± standard deviation, with range in parentheses.



744 PROCEEDINGSOFTHE BIOLOGICAL SOCIETY OFWASHINGTON

tally with 2 plumodenticulate setae; micro-

trichia on lateral margin. Scaphognathite

marginally with 10-11 densely plumose se-

tae, including distal process.

Maxilliped 1 (Fig. 2H). —Coxa may bear

developing seta. Basis with 9 plumodenti-

culate setae arranged 2,2,2,3- Endopod 5-

segmented with 3,2,1,2,1+4 plumodenti-

culate setae. Incompletely bisegmented ex-

opod with 4 terminal plumose natatory se-

tae.

Maxilliped 2 (Fig. 21). —Coxa naked. Ba-

sis with 3 plumodenticulate setae. Endopod
3-segmented, with 0,1,4 plumodenticulate

setae. Incompletely bisegmented exopod

with 4 terminal plumose natatory setae.

Maxilliped 3 (Fig. 2J). —Present as small

biramous bud.

Pereiopods (Fig. 2J). —Present as small

buds.

Abdomen (Fig. 2B). —Five somites. So-

mite 1 with pair of dorsal plumose setae,

somites 2-5 each with pair of shorter

sparsely plumose or simple setae. Short

posterolateral spines on somites 3-5; somite

2 with pair of curved acicular (sensu Web-
ber & Wear 1981) dorsolateral processes

bearing spine-like terminal setal extension.

Grouped denticulettes present. Pleopods ab-

sent.

Telson (Fig. 2B). —Bifurcated, shallow

notch medially, 3 pairs of serrulate setae on

inner margin; each furcal shaft proximally

bearing lateral spine, furcal shafts and

spines covered in rows of spinules to just

below tips. Grouped denticulettes present.

Second zoea (Fig. 3)

Carapace (Fig. 3A). —Eyes mobile. Four

additional pairs of simple or sparsely plu-

mose setae, two pairs just above eyes, an-

other two further dorsolaterally between

dorsal spine and eyes. Lateral margin an-

teriorly to posteriorly with 5 plumose setae.

Small lateral swelling dorsal to eyes.

Antennule (Fig. 3C). —With 6 long and 2

shorter aesthetascs and short seta; endopod

absent.

Antenna (Fig. 3D). —Endopod bud en-

larged to middle of protopodite.

Maxillule (Fig. 3E). —Basis with addi-

tional terminal plumodenticulate cuspidate

seta and subterminal plumodenticulate seta;

exopod pappose seta present.

Maxilla (Fig. 3F). —Distal lobe of basis

with additional subterminal plumodenticu-

late seta. Scaphognathite with 20 marginal

plumose setae.

Maxilliped 1 (Fig. 3A). —Exopod with 6

plumose natatory setae.

Maxilliped 2 (Fig. 3A). —Exopod with 6

plumose natatory setae.

Maxilliped 3 (Fig. 3G). —Present as a tri-

lobate bud.

Pereiopods (Fig. 3G). —Longer, segmen-

tation apparent, chela distinct; some speci-

mens with invaginated setae and dactyl ev-

ident.

Abdomen (Fig. 3B). —Additional sixth

somite. Somite 1 with 3 dorsal plumoden-

ticulate setae. Somites 2-5 with pair of un-

segmented biramous pleopods, endopods

very small.

Megalopa (Figs. 4, 5)

Carapace (Fig. 4A). —Dorsally with me-

dian dromedary-shaped ridge flanked by

short anterolateral spines; posteriorly a me-

dian spine; surface covered with many sim-

ple setae as shown, lateral margin with two

clusters of sparsely plumose setae; area pos-

terior to eyes laterally notched, posterior

margin elevated middorsally.

Antennule (Fig. 4B). —Three-segmented

peduncle with single simple seta on middle

and distal segment; endopod with 1 subter-

minal and 2 terminal simple setae; three-

segmented exopod with naked proximal

segment, middle segment bearing 10-11

aesthetascs arranged in two tiers, and distal

segment with 3-4 aesthetascs and 1 simple

seta.

Antenna (Fig. 4C). —Segments 1-7, pro-

gressing proximally to distally, each with

1,2,3,0,0,4,4 simple setae, respectively; two
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Fig. 2. First zoea of Paradasygyius depressus (Bell, 1835). A, lateral view; B, dorsal view of abdomen and
telson, with enlargements of projection on somite 2 and proximal part of telson; C, antennule; D, antenna; E,
mandible; F, maxillule; G, maxilla; H, maxilliped 1; I, maxilliped 2; J, developing maxilliped 3 and pereiopods.
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Fig. 3. Second zoea of Paradasygyius depressus (Bell, 1835). A, lateral view; B, dorsal view of abdomen

(ventral pleopod buds shown stippled) and telson; C, antennule; D, antenna; E, maxillule; F, maxilla; G, devel-

oping maxilliped 3, cheliped and pereiopod 2.
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terminal setae very long. Basal segment

with exopod spine.

Mandible (Fig. 4D). —Scoop-shaped pro-

cess with cutting edge and palp bearing 2-

4 apical plumodenticulate setae and subter-

minal simple seta.

Maxillule (Fig. 4E). —Coxal endite with

about 10 apical plumodenticulate setae and

single exopod seta. Basial endite with 16-

17 mostly plumodenticulate setae distal to

endopodite and single exopod seta. Endo-

pod setae reduced or lacking.

Maxilla (Fig. 4F). —Coxal endite proxi-

mal and distal lobes with 7 and 5 setae,

respectively; basial endite with 6-7 setae on

proximal lobe, 7 setae on distal lobe. En-

dopod reduced, may bear single distal seta.

Scaphognathite with about 35 marginal plu-

mose setae; blade with 4 simple setae.

Maxilliped 1 (Fig. 5A). —Coxal endite

with about 6 setae, basial endite bearing

about 12 setae; endopod with 1-2 setae; ex-

opod with pappose seta distally on proximal

segment and 4 plumose setae on distal seg-

ment; epipod with 3-4 plumodenticulate

setae.

Maxilliped 2 (Fig. 5B). —Coxa and basis

not clearly differentiated; endopod with in-

distinct basal segment, subsequent four seg-

ments proximally to distally with 0—1,1,3

and 4 plumodenticulate setae, respectively;

exopod with naked proximal segment and

4 plumose setae on distal segment; epipod-

ite not present on examined specimens.

Maxilliped 3 (Fig. 5C). —Coxa and basis

not differentiated, with 4 plumodenticulate

setae; endopodite proximally to distally

with 13, 7-8, 5, 5 and 4 mostly plumoden-

ticulate setae; ischium with crista dentata;

bisegmented exopod with naked proximal

segment and 4—5 reduced setae apically on

distal segment; epipod with 1-2 plumoden-

ticulate setae proximally and 3 distally.

Pereiopods (Fig. 5D-H). —Covered with

mostly serrulate setae; coxa and ischium of

pereiopods 1-5 with single spine, merus of

cheliped with additional spine; dactyl of pe-

reiopods 1-4 with spinules as shown.

Abdomen (Fig. 4A, 51). —Dorsally and

laterally ornamented with mostly simple se-

tae, proximally to distally with 3,4,4,6,6

and 2 setae. Five pairs of pleopods, exopod

of pleopods 1-5 with 11,11,11,9 and 2-3

plumose setae, respectively; endopod of

pleopods 1-4 with 2-3 cincinnuli each, ple-

opod 5, i.e., uropod, lacking endopod.

Telson (Fig. 4A). —Rounded posteriorly,

bearing a pair of dorsal setae

Phylogenetic analysis. —The phylogenet-

ic analysis generated four equally parsi-

monious trees 173 steps long, with a con-

sistency index of 0.66, retention index of

0.7 1 , and rescaled consistency index of 0.47

(Fig. 6A-D). These trees and the strict con-

sensus tree show that the data set was able

to resolve most of the sister-group relation-

ships (Fig. 7). The present analysis supports

the monophyly of Oregoniinae, Majinae,

and Inachinae (excluding Macrocheira in-

certae sedis). Our phylogenetic hypothesis

places Oregoniinae as the most basal clade

within the Majidae, and Majinae and Ina-

chinae (excluding Macrocheira) form sister

taxa. Within Inachinae, all trees suggested

that Inachus and Macropodia are sister taxa

nested as the most derived clade, followed

by Achaeus, Pyromaia, Paradasygyius, An-

asimus, and the most basal Stenorhynchus.

The sister-group relationship of the clade

(Pisa (Taliepus + Libinia), Mithrax and

Microphrys remained unresolved (Fig. 7).

Discussion

Paradasygyius depressus shares with

other majids the presence of two zoeal stag-

es, in which the first stage possesses nine

or more marginal setae on the scaphognath-

ite and the maxillule lacks an exopod seta;

the second stage is characterized by well

developed pleopods (Rice 1980, 1988).

Some of these characters are thought to

support the monophyly of this family (Rice

1983). However, although the monophyly
of Majidae seems to be well supported, the

sister-group relationships within the family

remain uncertain (Rice 1980, Griffin &
Tranter 1986, Clark & Webber 1991,
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Fig. 4. Megalopa of Paradasygyius depressus (Bell, 1835). A, dorsal view; B, antennule; C, antenna; D,

mandible; E, maxillule; F, maxilla.
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Fig. 5. Megalopa of Paradasygyius depressus (Bell, 1835). A, maxilliped 1; B, maxilliped 2; C, maxilliped

3; D, cheliped; E, pereiopod 2; F, pereiopod 3; G, pereiopod 4 with enlargement of distal part of dactyl; H,
pereiopod 5; I, pleopod of third abdominal somite.



750 PROCEEDINGSOFTHEBIOLOGICAL SOCIETY OFWASHINGTON

Cancer

Callinectes

HyasJ—
I—Chionoecetes

Jacquinotia

A

i-c:

__r-'
I—Notomithrax

Leptomithrax

Maja

I

—Inachus

I I—Macropodia

I Achaeus

Pyromaia

Paradasygyius

Anasimus

Stenorhynchus

Epialtus

I

Pisa

H
I

—Taliepus

I—Libinia

Microphrys

Mithrax

Rochinia

Macrocheira B

Cancer

Callinectes

Hyas

r^

I—Chionoecetes

I

—Jacquinotia
"1 —Notomithrax

1—Leptomithrax

I—Maja

Inachus

Macropodia

Achaeus

Pyromaia

Paradasygyius

Anasimus

Stenorhynchus

Epialtus

Pisa

Taliepus

Libinia

Microphrys

Mithrax

Rochinia

Macrocheira

"^

Cancer

Callinectes

C

r^

CHyas
Chionoecetes

I

Jacquinotia

I—Notomithrax

I—Leptomithrax

I—Maja

Inachus

Macropodia

Achaeus

Pyromaia

Paradasygyius

Anasimus

Stenorhynchus

Epialtus

Pisa

Taliepus

Libinia

Mithrax

Microphrys

Rochinia

Macrocheira

^
D

Cancer

Callinectes

Hyas

^

—J—
I—Chionoecetes

I

—Jacquinotia

I—Notomithrax

I—Leptomithrax

I—Maja
Inachus

Macropodia

Achaeus

Pyromaia

Paradasygyius

Anasimus

Stenorhynchus

Epialtus

Pisa

Taliepus

Libinia

Mithrax

Microphys

Rochinia

Macrocheira

^
Fig. 6. Four most equally parsimonious trees depicting possible sister-group relationships of 21 majid genera

based on 34 zoeal and three megalopal characters.
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Cancer

Fig. 7. Strict consensus tree of 4 equally parsimonious trees depicting hypothesized phylogenetic relation-

ships of 21 majid genera based on 37 larval characters. Black rectangles represent character changes, open

rectangles reversals. Large numbers represent a given character, small numbers enclosed within brackets represent

a character state for a given character (see Marques & Pohle 1998 and materials and methods section of the

present study for a detailed description of characters). EP, Epialtinae; IN, Inachinae, MA, Majinae; MI, Mith-

racinae; OR, Oregoniinae; PI, Pisinae.
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Marques & Pohle 1998). Based on adult

morphology, the family Majidae presently

comprises eight subfamilies: Oregoniinae,

Inachinae, Pisinae, Tychinae, Epialtinae,

Mithracinae, Majinae, and Inachoidinae.

However, most of these subfamilies lack

larval synapomorphies to support their

monophyly. Recently, Marques & Pohle

(1998) found strong support for the mono-
phyly of Inachinae, Majinae and Oregoni-

inae using zoeal characters but not for the

remaining subfamilies included in that

study. This was corroborated in the present

study by the addition of new taxa, stages

and characters to the previous data base.

Here we primarily discuss the sister-group

relationships within Inachinae sensu lato, as

most taxa added to the data matrix of

Marques & Pohle (1998) belong to this sub-

family.

The first attempt to resolve phylogenetic

relationships within the Inachinae using lar-

vae was proposed by Rice (1980), suggest-

ing a semi-linear scheme of sister-group re-

lationships. The establishment of these in-

terrelationships were largely based on the

assumption that evolution proceeds by olig-

omerization, where the loss of segments,

spines, setae or other larval structures rep-

resent the derived condition (e.g.. Rice

1980, 1981, 1983; Clark & Webber 1991).

On this basis Rice considered Macrocheira

as the most "primitive Inachinae" and the

genera Stenorhynchus, Pyromaia, and An-

asimus as intermediate to his "advanced In-

achinae" consisting of Inachus, Macropo-
dia and Achaeus (cf. Ingle 1982, Clark

1983, Paula 1987). Stenorhynchus (cf. Yang
1976) appeared to be a more derived ina-

chine taxon compared to Macrocheira by
lacking rostral and lateral carapace spines,

having fewer spines on the telson fork,

lacking subterminal setae on the distal en-

dopod segment of the maxillule, and the se-

tation of the carapace margin and endopod
of maxilliped 2 being intermediate in nature

(Table 2). Rice (1980) further postulated

that larvae of Pyromaia (cf. Webber &
Wear 1981, Fransozo & Negreiros-Franso-

zo 1997) and Anasimus (cf. Sandifer & Van
Engel 1972) fall in between Stenorhynchus

and the most derived taxa, Inachus,

Achaeus, and Macropodia. Subsequent

findings by Paula and Cartaxana (1991),

based on larval evidence of Stenorhynchus

lanceolatus, agreed with Rice's ranking of

Stenorhynchus. However, they also sug-

gested that the intermediate Pyromaia and

Anasimus share some features that positions

them closer to the advanced Inachinae.

Previous hypotheses of sister-group re-

lationships among brachyuran larvae were

largely based on the assumption that evo-

lution proceeds by oligomerization, where

the loss of larval structures represent the

derived condition (Rice 1980, 1981, 1983;

Clark & Webber 1991). However, Marques

& Pohle (1998) showed that this assump-

tion is not valid and that an analysis using

outgroup comparison is preferable. For ex-

ample, for taxa in the present study, zoeas

of the most derived taxa Inachus, Macro-

podia and Achaeus share an ornamented

posterolateral carapace margin (Ingle

1992). These structures are apparently ab-

sent in zoeas of the other, presumably more

basal taxa discussed above. Similarly, the

antennal exopod spine in the megalopa is

absent in the basal Macrocheira and Ore-

goniinae but present in Inachinae. This vi-

olates the assumption that evolutionary

events related to oligomerization processes

are always derived within Majidae.

Marques & Pohle (1998) found that,

among the inachines included in their anal-

ysis, Paradasygyius was the sister taxon of

Inachus, while Macrocheira nested as the

most basal taxon within Majidae, more

closely related to Oregoniinae than to Ina-

chinae. Rice (1980) had previously sug-

gested that Macrocheira was the most

"primitive Inachinae", but he considered

the subfamily to be monophyletic. It was

Clark & Webber (1991) who first suggested

that Macrocheira should not be included

within Inachinae. They contend that the

presence of rostral and lateral carapace

spines, more submarginal carapace setae.
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the presence of a dorsal process on abdom-

inal somite 3, very well developed postero-

lateral abdominal spines, additional spines

on the telson fork, subterminal setae on the

distal endopodite segment of the maxillule,

and more setae on the basis of maxilliped

1 and endopodite of maxilliped 2 were "an-

cestral zoeal features" that set Macrocheira

apart from Inachinae. Indeed, Macrocheira

shares most of these features with the basal

Oregoniinae (Table 2). This is also corrob-

orated by the megalopa of Macrocheira (cf

.

Tanase 1967), which resembles that of Or-

egoniinae in lacking an antennal exopod

spine and fused flagellar articles on the an-

tenna (Table 2). As for Clark & Webber

(1991) and Marques & Pohle (1998), our

study indicates that the inclusion of Ma-
crocheira within Inachinae makes the sub-

family paraphyletic. Thus, we consider Ma-
crocheira as an incertae sedis taxon and

hereafter reference to the subfamily Inachi-

nae excludes Macrocheira.

Our data (Table 2) show that overall phe-

netic similarities of larval characters sup-

port in part the groupings proposed by Rice

(1980). The "advanced Inachinae" can be

recognized by having a zoeal posterolateral

carapace margin ornamented with serrula-

tions, no more than a single basial seta on

maxilliped 2, and by the absence of a sep-

arated sixth abdominal somite in the second

zoea. In addition, uropods are lacking in the

megalopa of the "advanced Inachinae". In

Stenorhynchus, the most basal Inachinae,

the flagellar articles 2 and 3, and articles 4
and 5 of the megalopal antenna are not dif-

ferentiated. Paradasygyius, Anasimus and

Pyromaia differ from Stenorhynchus in

having only fused articles 4 and 5. Thus the

proposed groupings are also justifiable

based on the overall similarities of zoeal

and megalopal characters.

Drach & Guinot (1982, 1983) resurrected

the family Inachoididae Dana, 1851, here-

after referred to as Inachoidinae, to include

some American majids previously assigned

to Inachinae and Pisinae, based on their dis-

tinct adult skeletal features. Subsequently,

Guinot & Richer de Forges (1997) sug-

gested that the (i) absence of lateral and ros-

tral spines on the carapace of zoeal stages,

(ii) presence of ocular spines, (iii) presence

of a pair of acicular processes on abdominal

somite 2, (iv) presence of five abdominal

somites in zoea I and six in zoea II, and (v)

presence of simple pleopodal buds in zoea

II comprised a set of larval character states

found in Anasimus and Pyromaia (with the

exception of character ii) that could justify

the taxomonic status of Inachoidinae.

Among the genera transferred to Inachoi-

dinae, Anasimus, Pyromaia, and Paradas-

ygyius were included in our study. There-

fore we can provide an improved assess-

ment of the larval support for the Inachoi-

dinae.

Overall similarities of larval characters

suggest that Paradasygyius, Anasimus and

Pyromaia form a coherent phenetic group

since they share a number of morphological

larval features that set them apart from

some taxa within Inachinae (Table 2). How-
ever, our study shows that most characters

previously used to characterize groups

within Inachinae constitute plesiomorphies.

Therefore they are poor indicators of sister-

group relationships. For instance, although

the absence of dorsal processes on abdom-

inal somite 3 distinguishes these three gen-

era from Stenorhynchus, this state is also

found in larvae of the "advanced Inachi-

nae" (sensu Rice 1980, 1983). This char-

acter is a synapomorphy for all inachinids

except Stenorhynchus, and thus does not

support the monophyly of Inachoidinae.

The same problem of justifying the erec-

tion of Inachoidinae arises when examining

the larval characters used by Guinot &
Richer de Forges (1997). Our results

showed that character (i), the loss of lateral

spines, is a synapomorphy for a large clade

that encompasses members of all subfami-

lies except Oregoniinae. Also, the loss of

rostral spines is a synapomorphy for Ina-

chinae including taxa assigned to the Ina-

choidinae (character l(i). Fig. 7). Wefound

that the presence of a distinct pair of acic-
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ular curved processes on abdominal somite

2 (iii) could be a putative synapomorphy for

the three genera included in Inachoidinae.

However, this character did not hold as a

synapomorphy for this group when the data

were submitted to cladistic analysis. Our
analysis suggested that an abdomen com-

posed of five abdominal somites in zoea I

and six somites in zoea II (iv) is plesio-

morphic for the taxa included in Inachoi-

dinae, since the absence of the 6th abdom-

inal somite in zoea II supports the mono-
phyly of (Achaeus (Inachus + Macropo-

dia)). Finally, the presence of ocular

papillae or spines (ii) and simple pleopodal

buds in zoea II (v) should be considered in

the phylogenetic analysis. However, we
found that, among the taxa included herein,

it was difficult to define the states of these

characters since the taxa differed extensive-

ly in the degree of development of these

structures or were inadequately described

(Table 2).

The inclusion of additional taxa and

characters in the matrix used by Marques

& Pohle (1998) suggested that the phenetic

agreement discussed above does not hold

when the data is submitted to cladistic anal-

ysis (Figs. 5A-D, 7). Our phylogenetic hy-

pothesis for 21 genera of Majidae supports

Rice's (1980) contention that Inachus, Ma-
cropodia, and Achaeus are the most derived

taxa within the subfamily Inachinae, and

that Pyromaia and Anasimus are nested be-

tween the most derived taxa and the basal

Stenorhynchus (Fig. 7). However, the inclu-

sion of Paradasygyius, whose larvae were

unknown to Rice, suggested that Pyromaia
is relatively more derived than Anasimus
(Fig. 7) (contra Rice 1980). Finally, we
found no larval evidence to support the

monophyly of Inachoidinae despite the phe-

netic similarities discussed above for three

genera presently included within this sub-

family (contra Drach «fe Guinot 1982, 1983;

Guinot & Forges 1997).

The most relevant aspect of the phylo-

genetic hypotheses presented herein is that

within Majidae the subfamilies Oregoni-

inae, Majinae, and Inachinae can be defined

by sets of larval synapomorphies (Fig. 7).

The monophyly of Oregoniinae is support-

ed by four characters: zoea I exopod of the

antenna bearing a minute terminal spine,

less than half the length of smaller apical

seta (4(0)); distal basial lobe of the maxilla

in zoea I with five setae (ll(o)); mid-dorsal

region of the fourth and fifth abdominal so-

mites with paired setae in zoea II (28(0)-

29(0)). The subfamily Majinae is supported

by the zoeal exopod of the antenna bearing

a well developed terminal spine half or

more the length of apical setae but not ex-

tending beyond the tip of setae (4,,)); prox-

imal coxal lobe of the maxilla in zoea II

bearing three setae (13(3)); scaphognathite

bearing 21-28 setae in zoea II (19(]_3)); and

presence of three lateral spines on the fork

of the telson (30(0,). Finally, the subfamily

Inachinae forms a monophyletic group

based on the loss of a rostral carapace spine

(1(,)); presence of four or three setae on the

distal portion of the endopodite of the max-

illule (6(2_3)); proximal coxal lobe of the

maxilla in zoea I bearing four setae (10(,));

and the scaphognathite bearing 1 1 setae in

zoea I (18(3)).

Our phylogenetic hypothesis showed no

larval support for the monophyly of the

subfamilies Epialtinae, Mithracinae, and

Pisinae. Within Epialtinae, Epialtus nested

basally to Inachinae, whereas, Taliepus

nested as sister taxon of Libinia, member of

Pisinae (Fig. 7). For the subfamily Mithra-

cinae, represented by Mithrax and Micro-

phrys, the analysis was unable to resolve

the relationships between these taxa and

other majids, since they nested in a poly-

tomy with the clade {Pisa {Taliepus + Li-

binia)). However, one of the four most par-

simonious trees suggested that Mithrax and

Microphrys are sister taxa (Fig. 6D). Final-

ly, there was no support to the monophyly

of Pisinae since Pisa and Rochinia did not

nest as sister taxa (Fig. 6) in any trees.

Three clades, including Oregoniinae, In-

achinae, and Majinae, support the taxonom-

ic arrangement based on adult morphology.
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Although the taxonomy of Majidae is not

based on a cladistic framework, the agree-

ment between the larval phylogeny and

adult taxonomy suggests that larval char-

acters covary with adult morphology to the

extend that both indicate, with a given de-

gree of fidelity, the same nested groups. If

that is true, the disagreement between the

larval phylogeny and traditional taxonomy

indicates that the adult characters used on

the taxonomy of Epialtinae, Inachoidinae,

Mithracinae, and Pisinae are poor indicators

of sister-group relationships. Thus, some
general recommendations can be drawn
from our study. First, since larval infor-

mation was useful to define nested sets,

there is no reason to exclude larval data as

diagnostic characters on any taxonomic lev-

el. However, because most of the characters

supporting the monophyly of subfamilies

are homoplastic, one cannot delimit these

taxonomic groups on the basis of a single

larval character. Instead sets of larval char-

acters should be used in defining assem-

blages among Majidae or other Brachyura.

Second, because no larval support was
found for the monophyly of Epialtinae, In-

achinoidinae, Mithracinae, and Pisinae, fur-

ther evidence is required to resolve the tax-

onomic status of these groups. This can be

achieved by re-examining adult characters

and by using larval information of other

genera to define these subfamilies within a

phylogenetic framework. Finally, few me-
galopal characters have been used in phy-

logenetic analysis despite their high infor-

mation content (Marques & Pohle 1995,

Pohle & Marques 1998). This is mostly due

to poor or lacking descriptions in the liter-

ature (Clark et al. 1998). If more attention

is given to this larval stage by carcinolo-

gists working on larval descriptions, a high-

er number of megalopal characters can be

analyzed cladistically to improve and/or test

the monophyly of groups already estab-

lished by zoeal and adult morphology.

Acknowledgments

This work was supported through re-

search grant A2313 to G. Pohle, from the

Natural Sciences and Engineering Research

Council, Canada and by grant JP 99/10407-

1 to F Marques by the Funda^ao de Am-
paro a Pesquisa do Estado de Sao Paulo,

State Government of Sao Paulo, Brazil. Ad-
ilson Fransozo and Maria Lucia Negreiros-

Fransozo of the University Estadual Paulis-

ta, Botucatu, Brazil, kindly provided addi-

tional larval information of Pyromaia tub-

erculata. Anna Dittel is thanked for

arranging the use of facilities at the Centro

de Investigacion de Ciencias del Mar (CI-

MAR), Universidad Nacional, Costa Rica,

and for providing advice and equipment.

We also thank technical support personnel

at CIMAR. Identification of the spent fe-

male crab, from which specimens for de-

scription were used, was kindly verified by

the late Austin B. Williams, Systematics

Laboratory, U.S. National Marine Fisheries

Service. Paul Clark, Daniele Guinot and

Maria Lucia Negreiros-Fransozo are

thanked for their review of the manuscript.

Literature Cited

Bell, T. 1835. On Microrhynchus, a new genus of tri-

angular crabs. —Proceedings of the Zoological

Society of London 3:88.

Clark, P. E 1983. The larval and first crab stages of

three Inachus species (Crustacea: Decapoda:

Majidae); a morphological and statistical anal-

ysis. —Bulletin of the British Museum (Natural

History) Zoology 44(2): 179-190.

, D. De Calazans, & G. Pohle. 1998. Accuracy

and standardization of brachyuran larval de-

scriptions. —Invertebrate Reproduction and De-

velopment 33(2-3): 127-144.

, & W. R. Webber. 1991. A redescription of

Macrocheira kaempferi (Temmink, 1 836) zoeas

with a discussion of the classification of the Ma-
joidea Samouelle, 1819 (Crustacea: Brachyu-

ra). —Journal of Natural History 25:1259-1279.

Dana, J. D. 1851. On the classification of the Maioid

Crustacea or Oxyrhyncha. —The American
Journal of Science and Arts (2) 1 1 :425-434.

. 1852. Crustacea. In: United States Exploring

Expedition during the years 1838—1842 under

the command of Charles Wilkes, U.S.N. 13(1):

i-viii, 1-685 + pis. 1-96. C. Sherman, Phila-

delphia.

Drach, P., & D. Guinot. 1982. Connexions morpholo-

giques et fonctionnelles d'un type nouveau dans

le squelette des Brachyures du genre Parados-



758 PROCEEDINGSOF THE BIOLOGICAL SOCIETY OF WASHINGTON

ygius Garth (carapace, pleurites, sternites,

pleon). —Comptes Rendus Hebdomadaires des

Seances de I'Academie des Sciences (3)295:

715-720.

—, & . 1983. Las Inachoididae Dana, fam-

ille de Majoidea caracterisee par des connexions

morphologiques d'un type nouveau entre cara-

pace, pleurites, sternites et pleon (Crustacea De-

capoda). —Comptes Rendus Hebdomadaires des

Seances de I'Academie des Sciences (3)297:37-

42.

Fransozo, A., & M. L. Negreiros-Fransozo. 1997. Lar-

val stages of Pyromaia tuberculata (Locking-

ton, 1877) (Decapoda, Majidae, Inachinae)

reared in the laboratory. —Crustaceana 70:304-

323.

Garth, J. S. 1958. Brachyura of the Pacific coast of

America, Oxyrhyncha. —Allan Hancock Pacific

Expeditions 2 1(1-2): 1-854.

Griffin, D. J. G., & H. A. Tranter. 1986. The Decapoda

Brachyura of the Siboga Expedition, Part VIII,

Majidae. —Siboga Expedite, Leiden (Mono-

graph) 29, C4, Livraison 148:1-1335.

Guinot, D. 1978. Principes d'une classification evolu-

tive des Crustaces Decapodes Brachyoures.

—

Bulletin Biologique de la France et de la Bel-

gique 112(3):21 1-292.

, & B. Richer de Forges. 1997. Affinites entre

les Hymenosomatidae MacLeay, 1838 et les In-

achoididae Dana, 1851 (Crustacea, Decapoda,

Brachyura) .—Zoosy sterna 1 9(2-3 ) :45 3-502

.

Ingle, R. W. 1982. Larval and post-larval development

of the slender-legged spider crab, Macropodia

rostrata (Linnaeus) (Oxyrhyncha: Majidae: In-

achinae), reared in the laboratory. —Bulletin of

the British Museum (Natural History) Zoology

42(3):207-225.

. 1992. Larval stages of northeastern Atlantic

crabs. —Natural History Museum Publications

and Chapman & Hall, London, 363 pp.

Leach, W. E. 1817. The zoological miscellany, being

descriptions of new and interesting animals, vol.

3:i-iv, 1-151, London.

Lockington, W. N. 1877. Remarks on the Crustacea of

the Pacific coast, with description of some new
species. —Proceedings of the California Acad-

emy of Sciences 7:28-36.

Maddison, W. P., M. J. Donoghue, & D. R. Maddison.

1984. Outgroup analysis and parsimony. —Sys-

tematic Zoology 33:83-103.

Marques, F, & G. Pohle. 1995. Phylogenetic analysis

of the Pinnotheridae (Crustacea, Brachyura)

based on larval morphology, with emphasis on

the Dissodactylus species complex. —Zoologica

Scripta 24(4):347-364.

, &
. 1998. The use of structural reduc-

tion in phylogenetic reconstruction of decapods

and a phylogenetic hypothesis for fifteen genera

of Majidae: testing previous hypotheses and as-

sumptions. —Invertebrate Reproduction and De-

velopment 33(2-3):24 1-262.

Melo, G. A. S. 1996. Manual de identifica^ao dos

Brachyura (caranguejos e siris) do litoral bras-

ileiro. Editora Pleiade/Fundagao de Amparo a

Pesquisa do Estado de Sao Paulo, Sao Paulo,

Brazil, 603 pp.

Milne-Edwards, A. 1880. Reports on the results of

dredging, under the supervision of Alexander

Agassiz, in the Gulf of Mexico and the Carib-

bean Sea, 1877, '78, '79, by the United States

Coast Survey Steamer "Blake". . . . VIII.

Etudes preliminaires sur les Crustaces. —Bulle-

tin of the Museum of Comparative Zoology at

Harvard College 8(1): 1-68 + 2 plates.

Milne Edwards, H. 1834. Histoire naturelle des Crus-

taces, comprenant I'anatomie, la physiologic et

la classification des animaux. Vol. l:i— xxxv, 1—

468. Atlas. Librairie Roret, Paris.

, & H. Lucas. 1843 (1842). In: A. d'Orbigny,

Voyage dans I'Amerique meridionale. Vol. 6(1):

1-39.

Negreiros-Fransozo, M. L., & A. Fransozo. 1991. Lar-

val stages of Epialtus brasiliensis Dana, 1852

(Decapoda, Brachyura, Majidae) reared in the

laboratory, with notes on characters of the majid

subfamilies. —Crustaceana 60:200-212.

, & . 2000. Larval stages of Epialtus

bituberculatus Milne Edwards, 1834 (Decapo-

da, Majidae) with comments on majid larvae

from the Southwest Atlantic. —Proceedings of

the Biological Society of Washington (in press).

Paula, J. 1987. Planktonic stages of brachyuran crabs

from the southwestern Iberian coast (Crustacea,

Decapoda, Brachyura). —Journal of Natural

History 21:717-756.

, & A. Cartaxana. 1991. Complete larval de-

velopment of the spider crab Stenorhynchus

lanceolatus (Brulle, 1837) (Decapoda, Brach-

yura, Majidae), reared in the laboratory. —Crus-

taceana 60:113-122.

Pohle, G. 1991. Larval development of Canadian At-

lantic oregoniid crabs (Brachyura: Majidae),

with emphasis on Hyas coarctatus alutaceus

(Brandt, 1 85 1 ), and a comparison with Atlantic

and Pacific conspecifics. —Canadian Journal of

Zoology 69(ll):2717-2737.

, & F Marques. 1998. Phylogeny of the Pin-

notheridae: larval and adult evidence, with em-

phasis on the evolution of gills. —Invertebrate

Reproduction and Development 33(2-3):229-

239.

, & M. Telford. 1981. Morphology and classi-

fication of decapod crustacean larval setae: a

scanning electron microscope study of D/.wo-

dacryliis crinitichelis Moreka, 1901 (Brachyura:



VOLUME113, NUMBER3 759

Pinnotheridae). —Bulletin of Marine Science

31:736-752.

, E L. M. Mantelatto, M. L. Fransozo-Negrei-

ros, & A. Fransozo. 1999. Decapoda - Brach-

yura. Pp. 1281-1351 in D. Boltovskoy, ed..

South Atlantic Zooplankton. Backhuys Publish-

ers, Leiden, 1706 pp.

Rathbun, M. J. 1894. Notes on the crabs of the family

Inachidae in the U. S. National Museum.—Pro-

ceedings of the United States National Museum
17(984):43-75 + pi. 1.

. 1896. The genus Callinectes. —Proceedings of

the United States National Museum 18(1070):

349-375 + pis. 12-28.

. 1925. The spider crabs of America. —U.S. Na-

tional Museum Bulletin 129:i-x, 1-613 -I- pis.

1-283.

Rice, A. L. 1980. Crab zoeal morphology and its bear-

ing on the classification of the Brachyura.

—

Transactions of the Zoological Society of Lon-

don 35(3):27 1-424.

. 1981. The megalopa stage in brachyuran

crabs. The Podotremata Guinot. —Journal of

Natural History 15:1003-1011.

. 1983. Zoeal evidence for brachyuran phylog-

eny. Pp. 313-329 in E R. Schram, ed.. Crusta-

cean Phylogeny, Crustacean Issues, vol. 1. A. A.

Balkema, Rotterdam.

. 1988. The megalopa stage in majid crabs,

with a review of spider crab relationships based

on larval characters. Pp. 27-46 in A. A. Fin-

cham & P. S. Rainbow, eds.. Aspects of Deca-

pod Crustacean Biology. —Zoological Society

of London, Symposium 59: i-xii + 375 pp.

Sandifer, R A., & W. A. Van Engel. 1972. Larval stag-

es of the spider crab, Anasimus latus Rathbun,

1894 (Brachyura, Majidae, Inachinae) obtained

in the laboratory. —Crustaceana 23:141-151.

Stimpson, W. 1860. Notes on North American Crus-

tacea in the Museum of the Smithsonian Insti-

tution. No. II. —Annals of the Lyceum of Nat-

ural History of New York 7:176-246 -I- pis.

2, 5.

. 1871. Preliminary report on the Crustacea

dredged in the Gulf Stream in the Straits of

Florida by L. F. de Pourtales, assistant United

States Coast Survey. Part 1. Brachyura. —Bul-

letin of the Museum of Comparative Zoology

at Harvard College 2(2): 109-160.

Swofford, D. L. 1998. PAUP*: Phylogenetic Analysis

Using Parsimony, version 4. Obi. Sinauer As-

sociates, Sunderland, Massachusetts.

Tanase, H. 1967. Preliminary notes on zoea and me-

galopa of the giant spider crab, Macrocheira

kaempferi De Haan. —Publications of the Seto

Marine Biological Laboratory 15(4):303-309.

Watrous, L. E., & Q. D. Wheeler. 1981. The outgroup

comparison method of character analysis.

—

Systematic Zoology 30:1—11.

Webber, WR., & R. G. Wear. 1981. Life history stud-

ies on NewZealand Brachyura, 5. Larvae of the

family Majidae. —New Zealand Journal of Ma-
rine and Freshwater Research 15:331-383.

Williams, A. B. 1966. The Western Atlantic swimming
crabs Callinectes omatus, C. danae, and a new,

related species (Decapoda, Portunidae). —Tu-

lane Studies in Zoology 13(3):83-93.

Yang, WT 1976. Studies on the western Atlantic ar-

row crab genus Stenorhynchus (Decapoda,

Brachyura, Majidae), 1. Larval characters of

two species and comparison with other larvae

of Inachinae. —Crustaceana 31:157-177.



760 PROCEEDINGSOFTHEBIOLOGICAL SOCIETY OF WASHINGTON

Appendix L—Input data matrix of 37 characters and 21 taxa of Majidae in NEXUSfile format (Swafford

1998). Outgroups are the first two genera listed. Multistate characters are indicated by brackets and missing data

as ?.

#NEXUS
[Pohle & Marques, phylogeny for 21 genera of Majidae]

BEGIN DATA;
DIMENSIONSNTAX=23 NCHAR=37;
FORMATSYMBOLS="0123456" MISSING=? ;OPTIONS
MSTAXA=POLYMORPH

;

MATRIX
Cancer

Callinectes

Hyas

Jacquinotia

Leptomithrax

Rochinia

Inachus

Macrocheira

Maja

Pisa

Taliepus

Notomithrax

Chionoecetes

Libinia

Mithrax

Microphrys

Paradasygius

Macropodia

Achaeus

Anasimus

Pyromaia

Stenorhynchus

Epialtus

001200(03)1(02)210(13)(01)(01)014(06)(01)?01?31 11 11(01)00(01)000

00(01)?(01)0(03)2(03)210(03)(02)(02)014(06)1(01)01031 1 1 1 1000(01)0(01)0

000000(01)1 1 1002000133000102000010000001

0111002112113111201111012111101000???

001 1001 1221 131 102221 1 100101 1 101000???

00120001201001 1012201 1 1 12101 121000012

1113122121122112235121213111121101114

0001000001 1021 100000100001 1 1 101000001

001 1001 1221 131 1 1223 1 1 120101 1 10100000(23)

01 12001 11011111 123401001201 1 121?0001(23)

0112010110121112232111201001121000012

Oil 10021221 131 1 121311 101211 1 10100000(23)

00000001 1 10020001 1(01)000102000010000001

01 1201(01)1 1111211 12(23)(45)01 121 1001 121000012

0112000120111111212011(12)11011121000012

01 120001201 1 1(12)(12)(12)(12)1(34)01 1111011 121000012

111212112113211313(34)111211111121010012

111313212112211223(56)121(12)12111121101113

1 1 1312?????3?????360212121 1 1 121 101 1 14

1112131121112111234111212111121010012

11 13122011 1312232341(01)12121 111?1010002

11121211211121(12)123(45)111201111121000014

01 1210(01)2(01)20(01)222021?1 11211 111 121000012;

END;
BEGIN ASSUMPTIONS;
OPTIONSDEFTYPE=unord PolyTcount=MINSTEPS;
ANCSTATESallzero = 0:ALL;

END;


